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4 Claires. 
1 
This invention relates iv improvements in 
methods of and apparatus OEor geophysical .ex- 
ploration and ifs primary-purpose is fo increase 
the effectiveness of the seismic-energy used in 
mapping subsurïace geologic ïormations .by the 
reflection and refraction of elastic wavês. 
In seismic-geophysical refraction or refiection 
surveying the depths of the upper surïaces or 
strata of geologic formations are determined by 
measuring.the rime intervals-elapsed between the 
-generaion and reception of elastic impulses 
which arearthïcially created. In the earlier 
stages of seismic prospecting, if was customary to 
explode comparatively large charges of dynamite 
af the earth's surface fo produce suflicient ener 
fo actuate the seismic detectors. Vith the advent 
of reflection technique if became necessary fo 
bury dynamite charges af depths ranging rom 
several tens fo-several hundreds oî ïeet in order 
fo produce energy suicient fo be reflected ïrom 
deep layers and fo actuate receiving mechanisms 
af the surface. If was also ïound that indiscrimi- 
nate deep burial of-charges was notsufficient but 
that if was in many cases necessary fo plant the 
charges below .the so-called "weathered layer." 
Ail. of the foregoing measures of the prior art 
were ruade necessary, primarily, by the factthat 
the enery from an explosive charge radiates in 
all directions, that-is, not only toward the tarder 
and the receivers but also, and very largely, away 
from them. Only a very small fraction-of the 
energy of the discharge reaches the receivers in 
the form er refractions or reflections, thus mak- 
ing if necessary either fo employ large charges at 
the surface or fo bury the charges below the sur- 
face and in a medium .having favorable trans- 
mission characteristics, that is, in a medium be- 
low the weathered layer. A further disadvantage 
of this prior practice has been that the cost o 
labor and equipment necessary for a proper 
placement oï the charges is very substantial, ior 
each seismic reecton prospecting party, there 
are required at least one rotry shothole drill, a 
-driller,an assistant driller, a truck to carry water 
OEordrilling, a shootng-truck equipped with wter 
 for tamping the shotholes aïter planting the 
charges, and equlpment for pulling the shothole 
casings. In diïcult shooting areas, if has often 
been necessary fo employ more than one pros- 
pecting pary or fo employ additional drflls so 
that the drflling operations can be carried on 
ahead of the shooting and recording party. 
The present invention involves the discovery 
that the diflïculty and expense oï seismic explora- 
tion may be greatly reduced, and the effectiveness 
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f the operations greatly increased, by the use of 
charges which permit the "beming" of the seis- 
mic energy fo the.desired points. By this method 
the practice of Shot-drilling can .be substantially 
5 reduced or entirêly eliminated, since the energy 
of the charge is more effectively and efficiently 
utilized in actuating the recording apparatus. 
This result is attained by employing charge units 
or cartridges .which are specially .constructed fo 
utflize the "hollow chargê" principle, commonly 
known as the Munroe eEect. According fo this 
principle, the explosive charge is formed as a 
hollow unit with a cavity, preferably of cone 
shape, on the.side thereof from which if is desired 
 tO .direct the .energy of he discharge, with the 
result that the main orce of the discharge, in- 
stead of spreading out in all directions, is con- 
centrated in the cavity or lollow chamber and 
results in a concentrated stream or beam of ter- 
rhïc energy which may be directed in a known 
direction, so that if may be made effective, either 
by reflection or refraCtion in operatig recording 
apparatus. 
One object of the invention is fo construct a 
specially formed Charge .unit or cartridge which 
wfll obtain thi OEoregoing results when .used and 
one which may be employed in shallow uger 
holes or used, in successive units, af progressivelF 
increasing crater depths, .with .or without con 
finement. Another object is fo provide a charge 
unit or cartridge which may be planted in the 
proper orientation with-respect fo the vertical so 
that the maximum-energy discharge path will 
bave the desired relationship fo the critical re- 
fraction or-reflecting angles .of the geologic 
formations under investigation. Other objects 
of the invention relate fo various ïeatures of the 
method of exploration and the apparatus used in 
the practice of thst method, .ail of which will 
appear more OElly hereinafter. 
The nature-of the .invention will be understood 
from the following speciflction taken with the 
accompanying drawings in which one form of the 
new seismic exploration charge unit and several 
examples of the improved method ooE employing 
that unit are fllustrated. In the drawin, 
Figure 1 shows a vertical section through the 
preferred form of the directional charge unit 
of the present invention; 
Fig. 2 is a somewhat diagrammatic perspective 
view of the charge unit ,illustrad in Fig. 1, 
showing the infernal construction by dotted 
lines; 
.Fig. 3 is a diagrammatic vertical section 
through the impro.ved charge unit .showing the 
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formation of a diiected beam or stream of en- 
ergy as a result of the explosion of the charge; 
Fig. 4 iHustrates one method of planting the 
impioved charie unit ai or near the surface and 
of planting successive charge units at progres- 
sively incieasing depths as successive charies 
aie exploded; 
Fig. 5 shows the method of implanting the 
charge and aiming it at the proper angle for 
diÆecting the energy beam at the desired critical 
angle in refraction shootini; and 
Fig. 6 shows the method of implanting the 
charge and aiming the beam of the discharge 
ai the required angle for reflection mapping. 
As shown in Figs. 1 and 2, the charge unit or 
cartridge is preferably ruade up of a cylindrical 
tube 10, fomned preferably of pasteboard or the 
like, having mounted therein an inverted metal 
cone | | supported along its lower edie by a cyl- 
inder |- formed preferably of pasteboard or the 
like which may be secured by adhesive or other 
suitable means to the tube or cylinder 0. The 
charge |3 of dynamite or other explosive forms 
a compact unit in the tube or cylinder |0 above 
 the inverted cone || and its top surface termi- 
nates preferably below the upper end of the tube 
|0. An electric blasting cap |4 having supply 
conductors |5 is embedded in the upper surface 
of the dynamite charge |3 immediately belote 
firing. With this arrangement, if will be seen 
that the charge |3 is hollow on its under side 
and that this hollow chamber is continued with- 
in the cylinder |2 which extends downwardly 
to the lower margin of the surroundini tube or 
cylinder . For best results, it is round that 
the distance from the lower edge of the inverted 
cone || to the bottoms of the cylindeÆs |0 and 
|- may preferably be substantially equal to the 
internal diameter of the tube 0. Instead of 
being formed of pasteboard or the like, the tubes 
|0 and |- may be formed of plastic or other 
non-metallic material. 
In Fig. S, there are illustrated diagrammati- 
cally the results which follow the explosion of 
the dynamite charge 3. As a result of the ex- 
plosion of this charge, the energy of the explo- 
sion is directed inwardly, transversely to the 
surfaces of the cone |, as indicated by the ar- 
rows 7, and this energy then passes down- 
wardly, as indicated by the arrows |8, resulting 
in the formation of a stream or beam of energy 
|9 directed axially of the tube I. Other por- 
tions of the energy of the discharge may be 
directed outwardly in all other directions to 
some extent, as indicated by the arrows -, but 
if is round that, due to the Munroe effect 
ferred to above, the major portion of the energy 
of the discharge is concentrated in the beam 
9 which thus makes it possible fo direct this 
energy ata desired angle so that the major por- 
tion of if may be utilized either by refraction 
or reflection to actuate recording apparatus. 
Due to the fact that terrific energy is concen- 
trated in a single beam from the exploration 
charge unit, if is possible to obtain desirable re- 
sults by exploding the charge near the surface 
of the geologic formation under investigation. 
The method of using the discharge unit or car- 
tridge in this manner is illustrated somewhat 
diagrammatically in Fig. 4 where a charge unit 
-5, shown by dotted lines, has initially been em- 
bedded in the earth -6 with its upper end sub- 
stantially ai the earth's surface. The result of 
igniting and exploding the charge of the unit 
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25 through electrical energy suppled through 
the conductors |Sa is the formation of a crater, 
the lower margin of which is indicated by the 
dotted lines 27. After such a crater has been 
5 formed by the discharge of one unit or cartridge, 
a second unit or cartridge 26 may be placed in 
a cavity extending downwardly from the bot- 
tom of the crater 27 and, when the explosive 
contained in the unit 28 is discharged, there will 
10 be formed a second crater illustrated by the full 
lines 2. The holes in which the charges 25 and 
20 are placed may be formed conveniently by 
hand by the use of a post-hole digger or auget. 
The upper end of the initial charge 25 may be 
15 placed af or below the earth's surface or it may 
be placed ata greater depth and covered with 
earth. In either event, it wfll be round that an 
effective discharge beam or stream of energy is 
created which passes downwardly in alignment 
20 with the axis of the explosive unit and that the 
energy expended in other directions will be com- 
paratively small and that the craters  and 9 
created by the explosion of the charges are com- 
paratively small in transverse area in compati- 
25 son with those created by explosive charges of 
the types heretofore used where explosive energy 
bas been expended with substantial uniformity 
in all diretcions. By this method, therefore, it 
is possible fo obtain results which are compar- 
30 able with or superior to those obtained by em- 
bedding charges of the old type at greater depths 
and in formations having morefavorable trans- 
mission characteristics. 
As is well known to those skflled in the art, the 
35 refraction technique of seismic prospecting is ap- 
plied mainiy to the exploration of comparatively 
shallow formations and utflizes that part of the 
seismic energy which, coming from the shot 
point, is refracted by a formation having higher 
40 velocity characteristics so that it travels in this 
formation in an essentially horizontal direction 
and is then refracted out of that formation in a 
symmetrical manner so that it again reaches the 
surface and operates the vibration detectors 
5 which are located there. In the use of reflection 
technique in seismic exploration, on the other 
hand, there is utflized mainiy that part of the 
energy of the discharge which is reflected from 
deep subsurface formations. With either type of 
50 exploration, the propagation of the energy of 
the discharge is essentially contro]led by the con- 
trast between the velocity characteristics of the 
earth surrounding the shock point and those of 
the refracting and the reflecting formations. 
55 The use of the improved discharge unit or 
cartridge of the present invention in refraction 
exploration is fllustrated somewhat diagram- 
matically in Fig. 5 which shows a vertical sec- 
tion through the earth with a charge unit 30 
60 placed in an auget hole 3! at or near the surface 
of the earth layer 32 which lies above the stratum 
33, the depth of which is under investigation. 
There is a critical angle , shown in Fig. 5, at 
which the energy issuing from the charge unit 3 
5 along the path 34 must strike the intersurface 
35 between, the two formations 3 and 33 with 
the respective velocities ! and , in these for- 
mations, to be refracted into the nearly hori- 
zontal ray 36 which will emerge from the stratum 
70 33, in substantially symmetrical fashion, so that 
the energy of the discharge will then pass along 
the line 37 to the detecting or -recording appara- 
tus 38 located ai the surface. By this means, 
relatively small charges proper]y located at or 
7 near the surface may be utflized for refraction 
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prospecting with a large part of the energy 
the discharge being eventually received by the 
recording apparatus. 
The use of the method of the present inven- 
tion in reflection irospecting is lllustrated in 
Fig. 6 where a vertical section through a portion 
oï the earth illustrates the practice of placing 
a charge unit or cartridge 40 in a relatively shal- 
low hole at the surface of the formation 4 ! which 
lies above the stratum or formation 2, the depti 
of which is being studied. The charge unit or 
cartridge 0 is located in the hole 3 at the sur- 
face with its axis at that favorable angle b fo 
the vertical at which the maximum energy is 
transmitted along the line 4. The energy beam 
 is reflected ïrom the surface of the formation 
2 at the point . and passes upwardly again 
along the line 40, the two lines  and 0 making 
substantially t.he same angle b with the vertical 
line . The energy transmitted along the line 
46 is received by indicating or recording appara- 
tus 0 located at the surface. In practice, the 
spacing between the shot points or holes 3 and 
the detecters or indicaters 0 may be so chosen 
as to obtain the best response. 
Although one form of the improved charge 
unit and practice and methods of using it accord- 
ing te the present invention bave been set forth 
by way of illustration, it will be understeod that 
the charge unit or apparatus may be constructed 
in various forms and that the method of seismic 
exploration oï the present invention may be prac- 
ticed in various ways without departing from the 
scope of the appended claires. 
We claire: 
1. The method of seismic prospecting which 
comprises the steps of forming an explosive 
charge unit capable of discharging the major 
portion of ifs explosive energy as a beam, posi- 
tioning said charge in the earth te direct said 
beam af an angle substantially equal te that 
of the critical refraction ray of an underlying 
earth formation, exploding said charge unit, and 
recording the resulting vibrations ai a point 
moved from the place where said unit is exploded. 
2. The method of seismic prospecting which 
comprises the steps of forming an explosive 
charge unit capable of discharging the major 
portion of its explosive energy as a beam, posi- 
tioning said charge in the earth fo direct said 

beam at an angle substantially equal to that of 
the critical refraction ray of an underlying earth 
formation, exploding said charge unit, and re- 
cording the resultant vibrations at the surface at 
5 a point removed from the place of discharge. 
3. The method of seismic prospecting which 
comprises the steps of forming a shot hole in 
the earth extending downwardly at an angle te 
the horizontal substantially equal te that of the 
10 critical refraction ray of an underlying earth 
formation, positioning in said shot hole an 
plosive charge unit shaped te discharge the 
major portion of its explosive energy downwardly 
in the direction of the axis of said shot hole, ex- 
15 ploding said charge unit, and recordlng the 
sulting vibrations ai the surface ai a point re- 
moved from the place of discharge. 
4. The method of seismic prospecting which 
comprises the steps of embedding in the earth an 
20 explosive charge unit having in its lower end a 
cavity directed ai an angle to the horizontal 
substantially equal to the critical refraction ray 
of an underlying earth formation, exploding said 
charge unit, and recording the resulting refracted 
25 vibrations ata point removed from the place of 
exploding said charge unit. 
CAIL A. IIEILAND. 
MATTITEW T. I%UI%I%AY. 
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